ABSTRACT OBJECTIVE: Reperfusion injury occurs when the condition causing ischemia in ovarian torsion is corrected and the blood supply is re-established. The aim of this study is to evaluate whether doxycycline treatment reduces reperfusion injury in a rat model.
Introduction
Ovarian torsion is a partial or complete rotation of the ovary that disrupts its blood flow around the ligamentous connections. It is one of the most common gynaecological emergencies for all age groups (1, 2) . Ischemia that develops secondary to impaired blood flow causes loss of ovarian reserve. Early diagnosis and surgical correction to restore blood flow are very important.
Reperfusion injury is the damage that occurs when blood flow is restored to under-oxygenated tissues. Microvascular dysfunction following reperfusion increases fluid filtration, leukocyte and plasma protein extravasation, and production of free oxygen radicals (3) . Events occurring during reperfusion of ischemic tissue lead to increases in mediators such as TNF-alpha, interleukin-1, platelet activating factor, and nitric oxide (4) . Doxycycline, a member of the tetracycline antibiotic family, inhibits mRNA transcription of the matrix metalloproteinases. It has anti-inflammatory and cytoprotective effects (5, 6) . Its role in preventing reperfusion injury and reducing the number of mediators produced during reperfusion has been demonstrated previously in cardiac, renal, bowel and cerebral tissues (4, 7, 8) . Anti-apoptotic effects of doxycycline have also been found in mouse testes (9) . Doxycycline reduces interleukin 1B expression and inhibits matrix metalloproteinases (10, 11) .
Oxidant status is the total burden that results from reactions at a molecular level and has a negative effect, whereas the protective response that develops to correspond to the prooxidant molecules is called the antioxidant effect. Total oxidant status (TOS) has been identified as the in vivo marker of a shift developing in an oxidative/antioxidative ratio in favour of the oxidative side. Total antioxidant status (TAS), on the other hand, reflects all total plasma antioxidant substrates. Oxidative stress index (OSI), an indicator of the degree of oxidative stress, is the percentage of the TOS level/TAS level ratio (12) .
The aim of this study is to investigate whether doxycycline treatment reduces reperfusion injury in a rat model of ovarian torsion.
Material and Method
Approval for this study was obtained (0018/288) from the "Animal Experiments Local Ethics Committee" of Ankara Training and Research Hospital, Ministry of Health, Republic of Turkey. Thirty-six female Wistar albino rats were used (200-250 g). In this study, a similar method as in the studies of Yurtcu et al., who investigated the efficacy of vardenafil in ovarian torsion, was applied. (13) . The animals were divided into five groups. The animals in the first group formed the sham group (Sham). Only laparotomy was performed on this group. The rats in the second group were laparotomized and the ovaries were left in torsion for 2 hours (I). In the third group, 2 hours of torsion and 2 hours of reperfusion were performed (I/R). In the fourth group, sham operation was performed following the application of intraperitoneal doxycycline (10 mg/kg) (Sham-Dc). In the fifth group, 2 hours of ischemia and doxycycline therapy (10 mg/kg) was followed by 2 hours of reperfusion (doxycycline treatment was started at the 1st hour of the ischemic period) (I/R-Dc). Doxycycline (10 mg/kg; Monodoks ® 100 mg capsules; Deva) was administered intraperitoneal (i.p.) after being dissolved in 0.9% NaCl. Rats were anesthetized using intraperitoneal ketamine (40 mg/kg; Ketalar ® Flacons 50 mg/mL; Pfizer) and xylazine (10 mg/kg; Xylazin ® 20 mg/mL Flacons; Kepro). For laparotomy, a 2-centimeter midline incision was made. Right adnexa was ligated bilaterally using 4/0 vicryl and left ischemic for 2 hours. After completion of the procedure in all groups, the right ovaries were removed and divided into two equal parts for biochemical and histopathological examination.
The tissues were stored at -80°C until analysis. Tissue investigations were performed after thawing the samples to room temperature. The tissue samples were weighed on a scale with 0.001 grams sensitivity. The samples were diluted and homogenized using a mechanical homogenizer. The samples were then centrifuged at 3000 rpm for 5 minutes, after which the supernatant was collected and the sample calorimetrically analysed using the "Rel Assay E" auto-analyser, as detailed below. "Rel Assay" kits were used for the analysis. The body's total antioxidant status (TAS) and total oxidant status (TOS) were measured using a fully automatic method developed by Ozcan Erel. The Oxidative Stress Index (OSI) was calculated by dividing TAS by TOS (14) . The TOS was analysed using an automated calorimetric method, in which the oxidants present in the sample oxidize ferrous ion-o-dianisidine complexes to ferric ion. The ferric ions form a coloured complex with xylenol orange in the acidic medium, and the TOS levels determined spectrophotometrically (μmolH2O2 Equiv/L). The total antioxidant level (TAS) was measured using the automated method developed by Ozcan Erel that is based on the whitening of the characteristic blue-green colour of a stable radical cation 2,2′-Azinobis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) by antioxidants (12) . TAS levels were measured using with TAS assay kit (Rel Assay Diagnostic, Gaziantep, Turkey), providing an error margin of less than 3% (mmoL Trolox equivalent/L). The malondialdehyde (MDA) assay is based on the reaction of MDA with thiobarbituric acid (TBA) at a reaction temperature of 90-100 °C. The reaction was carried out at 90°C and pH: 2-3 for 15 minutes. Absorbance was measured at 532 nm. The amount of MDA in the sample was calculated from the measurement graph drawn using 1.1.3.3 -tetramethoxypropane as a standard and is expressed as nmoL/mg protein.
A semi-quantitative histological assessment scoring system was used for the histological examination. Follicular cell degeneration, vascular congestion, haemorrhage, and inflammatory cells were evaluated. Each criterion was scored between 0 and 3 (0: none; 1: mild; 2: moderate; 3: severe).
Statistical analyses were performed using SPSS 17.0 for Windows (SPSS, Inc., Chicago, Illinois). The results were analysed with a Kruskal-Wallis test for TAS, TOS, OSI and MDA. A chi-square test was used for histological data. P < 0.05 was considered statistically significant.
Results
A total of 35 rats were used. One rat in the I/R group died during induction of anaesthesia. In the general histologic examination, ovaries were normal in the Sham group but oedema, vascular congestion, haemorrhage, PMNL infiltration and follicle degeneration were increased in the other groups (p<0.05) ( Table 1) . Oedema, vascular congestion, haemorrhage, PMNL infiltration and follicular degeneration were increased in the ischemia and I/R groups. Comparing the I/R and I/R-Dc groups, PMNL infiltration was found to be less in the I/R-Dc group (p=0.005). There were no differences between the two groups in terms of other histological features (p> 0.05) (Figure 1 ).
When the sham and sham-Dc groups were compared, doxycycline was found to increase MDA, TAS and TOS levels and these changes were statistically significant (p=0.004, p=0.001, p=0.001, respectively) ( Table 2) . Similarly, MDA, TAS and TOS levels were elevated in rats given doxycycline (I/R-Dc) compared to I/R alone but this was not statistically significant (Figure 2-3 
Figure 1: Histological features of the groups A: Normal histology of ovarian tissue (Sham). B: Ischemia group. Ovarian haemorrhage (black arrow), important inflammation and oedema (yellow arrow). C: Ischemia/reperfusion group. Dense intrafollicular degeneration (red arrow). Follicular degeneration (black circle). D: Sham/ Doxycycline group. Mild vascular congestion (black arrow). E: Ischemia/ Reper fusion/Doxycycline group. Vascular congestion (black arrow). Intrafollicular haemorrhage (red arrow). Follicular degeneration (black circle).

Figure 2: The effect of doxycycline on MDA, TAS, TOS levels in ovarian tissues.
Sham: Sham group: I: Ischemia group, I/R: Ischemia and reperfusion group, Sham-Dc: Sham and doxycycline group, I/R-Dc: Ischemiareperfusion and doxycycline group, MDA: Malondialdehyde, TAS: Total antioxidant status, TOS: Total oxidant status, I/R: Ischemia/ Reperfusion, Dc: Doxycycline
Discussion
In our study, the use of doxycycline in the ovarian torsion rat model did not reduce reperfusion injury. On the contrary, doxycycline was found to increase levels of MDA and TOS levels in the ischemia group compared to the sham group. This was also true for the I/R groups. MDA and TOS levels were higher in doxycycline-treated rats than doxycycline-free I/R group. Histological examination showed no significant effect of doxycycline on ovarian tissue, except for a reduction in PMNL infiltration.
As far as we know, our study is the first that investigates whether doxycycline reduces reperfusion injury in ovarian torsion or not. Although there were studies reporting that doxycycline reduces reperfusion injury in liver, kidney, bowel, heart and brain tissues; there has been no such report for ovarian torsion. For this reason, we think it is important to see that doxycycline may increase the markers of reperfusion injury in our study.
Our study is important in comparing sham, ischemia and I/R groups with a rat model, but since a fixed doxycycline dose was used; different doses of doxycycline have not been tested. The dose of doxycycline used was determined by taking into account previous studies. The most important limitation of our study is that, different doses of doxycycline were not tested.
Another limitation of the study is that, the reproductive potential of the animals following the tests was not evaluated. Undoubtedly, any treatment for ovarian torsion aims to reduce ovarian damage and to preserve hormonal competence and fertility. Therefore, it is important to evaluate the long-term effects of treatment on issues such as fertility and menopausal status. This is, however, difficult to do in an animal model.
In ovarian torsion, early surgical treatment is critical to prevent damage due to ischemia. However, this treatment, which improves blood flow, causes reperfusion injury in tissues that have been left without oxygen for a while. After an ischemic period, regaining the circulation can lead to inflammation and oxidative damage. This presents a problem for the ovaries and the germ cell population they contain because there is no way to replace the lost ovarian reserve.
Several studies in the literature have investigated ways to reduce reperfusion injury following ovarian torsion and surgical treatment. Many substances have been found to reduce reperfusion injury after surgical treatment. These include agents that increase blood flow, such as iloprost, as well as radical cleansing agents such as edaravone (15, 16) . Some substances act directly by inactivating reactive oxygen radicals (17, 18) . Almost all of these studies were done in animal models. To the best of our knowledge, no previous study has studied the efficacy of doxycycline in ovarian torsion.
Many studies have shown that doxycycline can reduce reperfusion injury in various tissues. For example, Ihtiyar et al. found that 10-mg/kg doxycycline reduced pro-inflammatory cytokine levels and metalloproteinase-2 (MMP-2) activity while increasing tissue inhibitor metalloproteinase-1 (TIMP-1) levels in a rat renal torsion model. The authors thus concluded that doxycycline prevents apoptosis due to I/R injury in renal tissue (4) . Yasar et al. demonstrated a similar effect in intestinal tissue (19) . Schulze et al. observed that doxycycline reduces MMP-2 activity in coronary artery disease patients (7).
Doxycycline may protect the cell from I/R damage by the following ways. It reduces apoptosis by decreasing mitochondrial Ca 2+ uptake and mitochondrial permeability transition (20) . It also reduces production of reactive oxygen radicals and induces the antioxidant and cytoprotective pathways such as nuclear factor erythroid 2-related factor 2 (Nrf2) (21) . Doxycycline may decrease the production and activity of matrix metalloproteinases and it reduces effect and amount of pro-inflammatory cytokines (IL-1B, IL-6, TNF-A) (8, 19) .
While these results lead to the suggestion that doxycycline may reduce reperfusion injury following treatment for ovarian torsion, such an effect was not seen in our study. Each tissue can respond differently to ischaemia and reperfusion. The tissue's response to such injury depends on the severity of the ischemia and the tissue's ability to heal itself. A more severe response to ischemia may be expected in tissues with high metabolic demand, such as in the brain, where the glucose/ glycogen deposits are very low (22, 23) . In the skeleton, on the other hand, the response to ischemia and reperfusion injury is more benign. Another factor that determines the tissue's response is its protective antioxidant mechanisms. Reduced levels of antioxidants such as superoxide dismutase, catalase, and glutathione peroxidase may exacerbate ischemia/reperfusion injury. Its unique features may make ovarian tissue more vulnerable to ischemia and reperfusion injury. This may be the reason why the anticipated effect of doxycycline was not observed.
Although there are studies in the literature demonstrating that tetracycline reduces I/R damage, there are studies reporting that they have different effects. Tetracycline can affect metabolic gene expression in human cells. In vitro studies have shown that tetracycline can affect glycolytic and oxidative processes in different cell lines (dose-dependent action) and reduce cell proliferation (24) . It may have also anti-inflammatory and immunosuppressive effects (25) . It has also been reported that tetracycline can disrupt mitochondrial function (26) . With these effects, tetracycline can cause toxic effects in cells. Due to all these, doxycycline might not have reduced the reperfusion damage as expected.
In conclusion, in our study, doxycycline was not found to reduce I/R injury in ovarian torsion. Conversely, oxidative damage markers such as MDA and TOS were increased in cases treated with doxycycline. Thus, for ovarian torsion cases, the use of doxycycline does not seem to have a protective effect. Further studies are necessary to see whether these results are supported. 
